Epilepsy is a serious neurological condition that affects approximately 50 million people worldwide (1) . It is characterized by recurrent seizures related to excessive or synchronous neural activity in the brain (2) . At the cellular level, alterations that could underlie epileptic brain hyperactivity include changes in the membrane passive properties or in voltage gated channels or alternations in synaptic connections that increase excitability (3) (4) (5) (6) (7) .
The acute brain slice preparation provides a useful electrophysiological model to study cellular aspects of epilepsy in animal models because it allows control of the extracellular medium and maintains local neuronal circuits intact (8, 9) . Here, we examined the role of γ-amino-butyric acid (GABA)ergic inhibition in hippocampal slices from Wistar audiogenic rats, a strain developed by selected inbreeding for susceptibility to audiogenic seizures (10) (11) (12) . In these rats, a single high-intensity acoustic stimulation induces generalized tonic-clonic convulsions followed by clonic spasms. The onset of audiogenic seizures in these animals primarily reflects brain stem-dependent mechanisms since they can be evoked after forebrain removal (13) . However, repetitive chronic stimulation provokes a change in the EEG and in seizure phenotype suggestive of selective recruitment of limbic structures including the hippocampus and amygdala (11, (14) (15) (16) (17) . This interchange of brainstem/forebrain circuitry in the phenotype of audiogenic seizures could be explained by a generalized seizure predisposition in the brain of Wistar audiogenic rats. Consistent with this hypothesis, these rats show abnormal sensitivity to a variety of seizure-provoking stimuli including maximum convulsive electroshock, pentylenetetrazole and pilocarpine (18) , suggesting inherited low threshold epileptogenic neural circuits.
GABA, acting through specific receptors, mediates inhibition throughout the mammalian brain (19) (20) (21) . GABAergic neurons are often local circuit inhibitory cells that exhibit diverse morphological, biochemical, molecular, and synaptic properties (22, 23) . For these cells, the anatomical location of the GABAergic synapses on the postsynaptic cell in large part determines the functional impact of interneuronal activity on the target neuron. Thus, interneurons targeting perisomatic regions Correspondence: P.A.M. Guidine, Núcleo de Neurociências, Departamento de Fisiologia e Biofísica, ICB, UFMG, Av. Antônio Carlos, 6627, 31270-901 Belo Horizonte, MG, Brasil. Fax: +55-31-3409-2924. E-mail: maiaguidine@gmail.com are strategically placed to modulate somatic action potential generation (24, 25) , whereas those terminating more distally may prevent dendritic action potentials (25) , modulate the induction of glutamatergic synaptic plasticity (26) , or gate the transfer of information along the somatodendritic axis (27) . Pharmacological block of GABA A receptors in vivo causes seizure and epileptic-like EEG signals (28) and epileptiform electrical discharges in in vitro slice preparations (29) . Therefore, alterations in GABAergic inhibition could contribute towards the hyperexcitability and hypersynchronism typically found in epilepsies (19, 21, 30) .
Previous studies have demonstrated a reduction in GABA receptor-mediated current density in cultured hippocampal neurons obtained from Wistar audiogenic rats (7), suggesting a reduction in GABAergic inhibition in the hippocampus of these animals. To test this hypothesis we evaluated the influence of GABA A receptors on neurotransmission in the CA1 region of hippocampus slices from Wistar audiogenic rats compared to slices obtained from control audiogenic-resistant Wistar rats.
Material and Methods

Animals
Male Wistar rats (13 weeks old) and male Wistar audiogenic rats (13 weeks old) were supplied by the CEBIO-ICB-UFMG vivarium. The animals had free access to food and water and were housed in a temperaturecontrolled environment under a 12-h light-dark cycle until the start of the procedure. Efforts were made to avoid any unnecessary distress to the animals, in accordance with NIH guidelines for the care and use of animals and with approved animal protocols from the Institutional Animal Care and Use Committees of Universidade Federal de Minas Gerais (Protocol No. 131/05).
Audiogenic seizure sensitivity and severity were evaluated using the severity index (SI) developed by Garcia-Cairasco et al. (15) . This index ranges from SI = 0 (no seizures, audiogenic-resistant rats) to SI = 1 (generalized tonic-clonic seizures with fore and hind limb hyperextension: highly susceptible rats). Animals were screened with sound from a buzzing doorbell (120 dB SPL, 60 s). Three screening trials were performed with a minimum interval of 48 h between each trial. Rats were excluded from the audiogenic-resistant control group if they presented a severity index >0 in any of the three trials. Rats were excluded from the audiogenic group if they failed to present a severity index of 0.85 or greater in at least two of three trials.
Electrophysiology
The animals were decapitated 1 week after the end of the screening test and their brains were quickly removed from the skull. Coronal slices (400-µm thick) were prepared with a Vibratome (Leica VT 1000P, Technical Products International, USA) in ice-cold low-calcium artificial cerebrospinal fluid (aCSF) containing 125 mM NaCl, 2.5 mM KCl, 3.0 mM MgCl 2 , 0.1 mM CaCl 2 , 25 mM glucose, 25 mM NaCO 3 , 1.25 mM NaH 2 PO 4 bubbled with 95% O 2 and 5% CO 2 to pH 7.4. The slices were allowed to recover at room temperature for at least 60 min before being transferred individually to a submerged recording chamber, which was superfused (1-2 mL/min) with oxygenated normal aCSF at room temperature (25°C). The normal aCSF had the same composition as the low-calcium aCSF, except for the concentrations of 1.0 mM MgCl 2 and 2.0 mM CaCl 2 in the normal aCSF. The recording chamber was mounted on the stage of an upright microscope Axioskop (Zeiss, Germany).
Schaffer collateral fibers were electrically stimulated once every 10 s using monophasic rectangular pulses of 100-µs duration at stimulus intensities of 50-80 V through a bipolar platinum microelectrode placed on the stratum radiatum. Field potentials were recorded in the CA1 pyramidal cell region with microelectrodes pulled from borosilicate glass capillaries (World Precision Instruments, TW150F-3, USA) with a resistance of 0.5-1 MΩ when filled with standard aCSF. For each experiment, an input/output curve for stimulus vs amplitude of the population spike (PS) was generated. The stimulation intensity was then set to the lowest voltage that gave a maximum response and was not adjusted further for the remainder of the experiment. Stimuli were applied every 10 s and field excitatory postsynaptic potential-PS (EPSP-PS) complexes were recorded throughout the remainder of the experiment. After the response had stabilized, we recorded for 10 min in control aCSF to establish the baseline amplitude of the population spike. To assure that the signal was a postsynaptic response, we then recorded in 0-Ca aCSF containing no added CaCl 2 (substituted with equimolar MgCl 2 ) and 2 mM EGTA for 5 min. The slice was then superfused with oxygenated normal aCSF and recordings were continued for 30 min to allow for recovery from 0-Ca aCSF, followed by the addition of 50 µM picrotoxin (Research Biochemicals International, USA), a GABA A receptor antagonist, to block fast GABAergic transmission. We recorded in the presence of picrotoxin for a further 60 min. Field potential responses were amplified and filtered (band pass between 1 Hz and 3 KHz) with a CyberAmp 380 (Axon Instruments, USA), digitized at 25 KHz using a National Instruments A/D board and stored in a personal computer running the acquisition program WinWCP 4.2 (Strathclyde Electrophysiology Software, University of Strathclyde, Glasgow, Scotland).
Waveform analysis
Extracellular EPSP-PS waveforms were analyzed using custom written software within Igor Pro 6 (Wave-metrics, USA). The program calculated the amplitude of the PS, its latency, and the maximum negative slope during the descending phase. Data were imported into Igor and visually inspected using Neuromatic (Version 2.00, kindly provided by Dr. J. Rothman, University College of London, London). Data were smoothed using 50 passes of the built-in binomial smoothing function of Igor. The EPSP-PS complex was identified manually as a triphasic waveform with a negative peak occurring 10-15 ms after the stimulation artifact. The operator placed cursors on the descending and ascending portions of the curve on either side of its negative peak. The program then determined the beginning and end points of the PS. The beginning point of the PS was either a local minimum in dv/dt or the point at which dv/dt crossed zero, whichever was found first going backward in time from the left-hand cursor. The end-point of the population spike was the first point after the negative peak for which a line drawn from the beginning point was tangent to the waveform at that point. The amplitude of the PS was the vertical distance between this line and the negative peak. The slope of the EPSP-PS complex was measured by linear regression over 20 data points centered at the local minimum in dv/dt that occurred during the PS downstroke and PS latency was measured relative to the stimulus artifact. To analyze a sequence of EPSP-PS waveforms, the program optionally permitted automatic repositioning of the cursors to compensate for drift in latency during an experiment. When this option was enabled, after each PS was processed, the left hand cursor was automatically moved to the point of maximum dv/dt during the downward stroke of the PS and the right hand cursor was moved to 1/3 the distance from the negative peak to the endpoint of the PS, and these initial cursor values were used to identify the next PS in the sequence.
Statistical analysis
Data were obtained from 9 slices from 7 audiogenicresistant Wistar rats and 6 slices from 6 Wistar audiogenic rats. In one additional experiment on a slice from a Wistar audiogenic rat, the PS increased >600% upon the addition of picrotoxin. This result was declared an outlier and was excluded because the observed increase in PS was >7 standard deviations above the mean response observed in the remaining experiments. Group data are reported as means ± SEM. Comparisons between groups were analyzed by one-way ANOVA and the post hoc two-tailed Student t-test (paired for intragroup comparisons, unpaired for intergroup comparisons).
Results
Extracellular EPSP-PS complexes were recorded from hippocampus slices and the slope and amplitude of the population spike was quantified as illustrated in Figure   1 . To test if the responses recorded were postsynaptic in origin, we superfused the slices with 0-Ca aCSF and observed a strong reduction in the PS amplitude and slope with little change in the fiber volley. The average PS amplitude and slope recorded in normal aCSF, 0-Ca aCSF, and in the presence of 50 µM picrotoxin is depicted in Figure 1B for slices from control audiogenicresistant Wistar rats and in Figure 1C for slices from Wistar audiogenic rats. For both experimental groups, the PS amplitude and slope were strongly inhibited when superfused with 0-Ca aCSF. Upon return to normal aCSF, both parameters were larger than their initial values, but this difference was only statistically significant for the control Wistar group. Upon incubation with 50 µM picrotoxin, both the amplitude and slope of the PS increased in slices from control Wistar rats, but not for slices from Wistar audiogenic rats.
To remove the substantial variability in the amplitude of the EPSP-PS complex between experiments (note the difference in vertical scale in Figure 2A) , we normalized the PS amplitude and slope data for each experiment to the average value during the 10 min prior to the addition of picrotoxin, and then plotted the value of the normalized data averaged over 5-min intervals ( Figure 2B,C) . These data indicate that the increase in PS amplitude or slope commenced shortly after the time when picrotoxin was added to the bath, although the difference was not statistically significant for times <20 min. In contrast, there were no significant alterations in either PS slope or amplitude in slices from Wistar audiogenic rats. After 60-min incubation with picrotoxin, normalized PS amplitudes and slopes from the two experimental groups were significantly different from one another (amplitude: Wistar 152 ± 15% vs Wistar audiogenic rats 99 ± 17%, P ≤ 0.05; slope: Wistar 194 ± 28% vs Wistar audiogenic rats 87 ± 17%, P ≤ 0.05).
Discussion
Wistar audiogenic rats have been inbred for more than 50 generations using a selection criterion based on the severity and phenotype of the seizure (13). They have an inherited predisposition to seizures (13) , representing a useful animal model for the study of the pathophysiology of epilepsy. We observed a marked increase in PS amplitude and slope in hippocampal slices from control Wistar rats after application of picrotoxin but not in slices from Wistar audiogenic rats. The PS, measured in the pyramidal layer of the CA1 region, is the extracellular potential caused by action potentials in these cells. Thus, our data suggest that GABAergic inhibition of CA1 action potential generation is reduced in Wistar audiogenic rats.
Picrotoxin is a noncompetitive antagonist that reduces Cl -current through GABA A receptors (31) . The concentration of picrotoxin we applied (50 µM) is 3.6 times the www.bjournal.com.br Braz J Med Biol Res 44(10) 2011 EC50 for inhibition of GABA A receptor current in cultured hippocampal neurons (32) . We therefore expect to have blocked a large portion of GABA A -mediated inhibition in our experiments. In slices from control audiogenicresistant Wistar rats, we observed a statistically significant increase in PS size 20 min after application of picrotoxin, and the response reached a plateau after 40 min. Probably, the time necessary for the diffusion of picrotoxin within the slice accounts for only a small part of this latency. For comparison, we note that when we applied 0-Ca aCSF containing 2 mM EGTA to the slice the size of the PS fell with a time constant of 2-4 min (data not shown). A second factor that may explain the slow onset of the effect of picrotoxin is the fact that we used a stimulus intensity that generated maximal PS amplitude. This choice of stimulation protocol may have required a block of a substantial portion of GABA A receptors by picrotoxin before producing a significant change in PS.
Our results extend previous findings of reduced GABAergic current density in cultured hippocampal neurons from Wistar audiogenic rats (7) . In addition to a reduction in inhibitory currents, these investigators also reported changes in resting potential, membrane input resistance, and potassium current density that all favor enhanced excitability. Similar findings have been reported in other animal models of epilepsy. The genetically epilepsy-prone rat (GEPR), an audiogenic strain similar to Wistar audiogenic rats, exhibited reduced sensitivity to exogenous GABA in auditory brainstem circuits (33) . In addition, electrophysiological studies of hippocampal slices from adult GEPR rats suggest several features leading to increased excitability, including a reduced GABA A -mediated inhibition, increased input impedance, reduced spike frequency adaptation, and increased paired-pulse facilitation (34) (35) (36) . Interestingly, these investigators have reported significant differences in the cellular alterations observed in the CA1 and CA3 regions of the GEPR hippocampus, indicating that epileptic hyperactivity at the cellular level may be highly dependent on the specific brain region examined. Hippocampal CA1 neurons have also been studied in rats in which recurring epileptic seizures were induced with pilocarpine. These studies indicate a higher input impedance, reduced resting potential and reduced spike frequency adaptation in neurons from epileptic animals (3). Thus, studies on hippocampal neurons from different animal models of epilepsy indicate two possible sources of neuronal hyperexcitability -changes in intrinsic neuronal properties and reduced GABAergic inhibition. Our results suggest that the latter is important in the hippocampus of Wistar audiogenic rats. 
